ABSTRACT The present study was performed to elucidate whether the estrogen binding component regarded as a receptor exists in the plasma membrane fraction of neurohypophysis in hens and whether the binding of receptor changes with relation to oviposition. The specific binding for estradiol-17β (E 2 ) in the neurohypophysis of hens was demonstrated by the use of radioligand binding assays on the plasma membrane fraction of the tissue. The binding to [ 3 H]E 2 had a binding specificity to E 2 and diethylstilbestrol, reversibility, and saturation. Scatchard analysis revealed that the binding sites are of a single class. The equilibrium dissociation constant obtained by Scatchard analysis and kinetic analysis suggested a high affinity, and the maximum binding capacity obtained by Scatchard analysis suggested a limited capacity. These properties are characteristics of a receptor, which suggests that an estrogen receptor exists in the plasma membrane of hen neurohypophysis. The equilibrium dissociation constant value of estrogen receptor of the neurohypophysis was not significantly different between laying hens and nonlaying hens, but the maximum binding capacity value was statistically smaller (the binding affinity is higher) in laying hens than in nonlaying hens. The specific binding of estrogen receptor showed a decrease at 1 h after an injection of diethylstilbestrol in nonlaying hens. The specific binding also decreased 3 h before oviposition in laying hens and maintained low value until just after oviposition. The present study suggests that estrogen may act directly on the neurohypophysis during 3 h before oviposition in hens.
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Properties of estrogen binding components in the plasma membrane of neurohypophysis in hens and changes in its binding before and after oviposition INTRODUCTION
The major estrogen secreted from the hen ovary is estradiol-17β (E 2 ; Sturkie and Mueller, 1976) . In hens, an injection of E 2 increases the blood concentration of arginine vasotocin (AVT; Takahashi et al., 1994a) , which is one of the avian neurohypophysial hormones (Munsick et al., 1960) . The AVT is produced by neurons of the hypothalamus (Bons, 1980; Tennyson et al., 1985) extending to the neurohypophysis from where it is released into the blood vessels. In the hypothalamus of the hen, the presence of estrogen receptors (Kawashima et al., 1987) and changes in the binding capacity of the receptor during an ovulation cycle (Kawashima et al., 1993) has been demonstrated. Steroid hormone receptors existing in the cytosolic (soluble) fraction are transferred to the nuclear (insoluble) fraction when sufficient steroid hormone is given in vivo (Gorski et al., 1986) . The AVT is released from the neurohypophyisis at the time of oviposition (Tanaka and Nakajo, 1960; Sturkie and Lin, 1966; Tanaka et al., 1984; Rice et al., 1985; Shimada et al., 1986; Takahashi et al., 1994b) , but the binding capacity of the estrogen receptor in the nuclear fraction of hypothalamus is at a low level at least 2 h before oviposition (Kawashima et al., 1993) . In mammals, the presence of steroid hormone receptors in the plasma membrane of rat brain (Towle and Sze, 1983; Bression et al., 1986; Ramirez et al., 1996) and liver Szego, 1979, 1980) and bovine corpus luteum (Rae et al., 1998) has been reported. In birds, however, the presence of steroid hormone receptors in the neurohypophyisis has not been reported. The present study was conducted to demonstrate the presence of a specific binding component having the property of a receptor for estrogen in the plasma membrane of hen neurohypophyisis, to examine whether the binding of the receptor is different depending on the laying condition, and to estimate the time of action of estrogen on the neurohypophysis during the oviposition cycle by demonstrating changes in the binding of estrogen receptor.
MATERIALS AND METHODS

Birds and Tissues
White Leghorn hens (2.0 to 2.4 kg of BW) laying 4 to 6 eggs in a sequence with a 1-d pause between sequences for more than 2 wk were used as laying hens (20 mo of age) and those that had not laid an egg for at least 10 d before experiments were used as nonlaying (molting) hens (20 mo of age). These hens were obtained from a flock of approximately 1,200 hens kept in individual cages under 14 h (0500 to 1900 h) of light per day with feed (15% CP; 2,800 kcal of ME; Japan Feeding Standard for Poultry, 1992) and water provided ad libitum. All hens were cared for and used according to the institutional guidelines of Gifu University. In nonlaying hens, the ovarian weight was less than 8.9 g and whole oviduct weight was less than 11.3 g, and the serum concentrations of ovarian steroid hormones measured by a routine RIA (Shodono et al., 1975) were less than 310 pM (E 2 ), 340 pM (progesterone; P 4 ), and 301 pM (testosterone; T), respectively.
The laying hens were killed by decapitation at 1000 h regardless of the oviposition time and the neurohypophysis was excised (1.4 to 2.2 mg per hen) to examine the binding specificity, reversibility, affinity, and capacity of E 2 binding components. The nonlaying hens were also killed at 1000 h to examine the binding affinity and capacity of the E 2 binding component. Tissues of the neurohypophyisis obtained from 30 hens were used for 1 pooled sample.
To evaluate the effect of the E 2 on the amount of the specific binding of the E 2 binding component, diethylstilbestrol (DES; 0.5 mg per hen) or the olive oil vehicle (0.5 mL per hen) was injected into the muscle of nonlaying hens. The hens were killed at 1 and 2 h after the injection (15 hens at each time).
To examine the amount of specific binding of the E 2 binding component before and after oviposition, laying hens were killed at 9 different times during the period from 16 h before oviposition to 5 h after oviposition of the first egg of an egg-laying sequence (15 hens at each time). The time before oviposition was estimated from the oviposition time observed before experiments. The clock time of oviposition of the first egg of the laying sequence was 0658 h ± 3 min (mean ± SEM, n = 45). Nonlaying hens were also killed at 8 different times corresponding to the time of sampling of the laying hens (15 hens at each time).
Preparations of Plasma Membrane Fraction
Tissues of neurohypophysis were washed in ice-cold saline, blotted with filter papers, weighed, and used immediately for preparation of plasma membrane fractions. All steps were performed at 4°C. Plasma membrane fractions were prepared as reported earlier (Takahashi and Kawashima, 2009 ). The neurohypophyses were pooled and homogenized in 15 vol/wt Tris-EDTA buffer [TE; 50 mM Tris (Nacalai Tesque Inc., Kyoto, Japan)-HCl, 2 mM EDTA (Wako Pure Chemical Industries Ltd., Osaka, Japan), pH 7.4] by using a Potter-Elvehjem-type glass polytetrafluoroethylene homogenizer with 10 strokes while cooling in an icewater bath. The homogenate was further homogenized by using the Polytron (Kinematica AG, Littau/Luzern, Switzerland) and was filtered through 4 layers of gauze. The filtrate was centrifuged at 700 × g for 10 min, and the supernatant was pooled. The precipitate was rehomogenized in the same buffer and recentrifuged. The supernatant was combined with the pooled supernatant and centrifuged at 30,000 × g for 30 min. The precipitate was washed with the same centrifugation and was suspended in the TE buffer. The suspension was used as a plasma membrane fraction. The sample was stored at −80°C until assay. Protein concentrations of the sample were measured by the method of Lowry et al. (1951) for the sample using BSA (Fraction V, Seikagaku Corp., Tokyo, Japan) as a standard. The plasma membrane fraction was used for the binding assay to [2, 4, 6, 7, 16, H]E 2 ([ 3 H]E 2 ; NEN Life Science Products Inc., Boston, MA).
Binding Assay
The specific binding of [ 3 H]E 2 was measured by using the method reported previously (Takahashi et al., 1992; Kawashima, 2008, 2009 ). Aliquots of the plasma membrane fraction (25 µg of protein/tube) were incubated at 4°C for 4 h with [ 3 H]E 2 (0.1 to 4 nM) in the absence (for total binding) or presence (for nonspecific binding) of 1 µM unlabeled DES in a total volume of 300 µL. In the binding assay, 1.5-mL polypropylene microtubes (AGC Techno Glass Co. Ltd., Chiba, Japan) pretreated with TE buffer containing 2% gelatin (Wako Pure Chemical Industries Ltd.) overnight at 4°C were used. To examine the binding specificity, unlabeled E 2 , DES, P 4 , T, 5α-dihydrotestosterone, and corticosterone were used as competitors. All of the unlabeled steroids were purchased from Sigma Chemical Co. (St. Louis, MO). Concentrations of unlabeled competitors were 10, 100, or 1,000 nM. All of the tubes were incubated at 4°C for 4 h. The tube for membrane fraction was centrifuged (10,000 × g, 10 min, 4°C) immediately after the incubation. Precipitates were washed with 500 µL of ice-cold TE buffer, and ACS-II Liquid Scintillation Cocktail (Amersham International plc, Buckinghamshire, UK) was added. Radioactivity was measured by using a liquid scintillation analyzer (Tri-Carb Model 2500TR, Packard Instrument Co., Meriden, CT) in which the counting efficiency for 3 H was 41 to 46%. 
Preliminary Experiments
Relationships of specific [
3 H]E 2 binding to incubation time (1/12 to 8 h) and temperature (4 and 30°C) and protein concentration (5 to 40 µg per tube) were examined. The specific [ 3 H]E 2 binding at 4°C increased during the first 2 h of incubation and then reached a plateau up to 8 h. The specific binding at 30°C incubation was not detected until 8 h. A linear increase in the specific binding with the increase in the protein concentration from 5 to 40 µg per tube was observed when incubated at 4°C for 4 h. Based on these findings, the following experimental conditions were used in the present experiments: 4°C incubation for 2 h and 25 µg of protein per tube.
Statistical Analyses
Kinetic data were analyzed by the use of pseudofirst-order conditions (Bylund and Yamamura, 1990) to estimate the association rate constant (K +1 ) and the dissociation rate constant (K −1 ) after the addition of a large excess of unlabeled ligand. Student's t-test was used to assess the significance of difference between 2 means. For comparisons among more than 2 groups, the data were analyzed by 1-way ANOVA (Snedecor and Cochran, 1967) . When significant (P ≤ 0.05) effects were found, Tukey's multiple range test (Tukey, 1953) was used to separate means. (Figure 1 ).
RESULTS
Binding Specificity
Kinetic Analysis of [ 3 H]E 2 Binding
The specific binding of [ 3 H]E 2 reached a steady state at 2 h of incubation and was stable for up to 6 h (Figure 2) . A decrease in the specific [ 
Binding Affinity and Capacity
The specific Table 1 . The K d value was not significantly different between laying hens and nonlaying hens, but the B max value was statistically (P ≤ 0.01) smaller in laying hens than in nonlaying hens.
Changes in E 2 Binding After DES Injection
The specific [ 3 H]E 2 binding in nonlaying hens showed a decrease at 1 h after an injection of DES (Figure 4) . The level of specific binding was also low at 2 h after the injection.
Changes in E 2 Binding Before and After Oviposition
The specific [ 3 H]E 2 binding in laying hens did not change from 16 h before oviposition to 6 h before oviposition but decreased 3 h before oviposition. The value remained low until just after oviposition ( Figure 5) . In nonlaying hens, the specific binding did not change during a 24-h day ( Figure 5 ).
DISCUSSION
The [ 3 H]E 2 binding in the plasma membrane fraction of neurohypophysis in laying hens was measured by the use of radioligand binding assay. The specific binding component in the plasma membrane fraction of neurohypophysis possessed a high affinity and a limited capacity to E 2 ( Table 1) . The binding was competitive with E 2 and DES (Figure 1 ), reversible (Figure 2) , and saturable ( Figure 3 ). These properties are characteristics of a receptor, which suggests that an estrogen receptor exists in the plasma membrane of hen neurohypophysis. The K d value calculated from kinetic analysis was 0.54 ± 0.03 (mean ± SEM, n = 5), and the value is in close agreement with the K d value (Table 1) obtained by Scatchard analysis of saturation studies. Scatchard plots in the membrane fraction of neurohypophysis revealed a single class of binding sites. The K d value was not significantly different between laying hens and nonlaying hens, but the B max value was lower in laying hens than nonlaying hens. The result suggests that the binding capacity of estrogen receptor in hen neurohypophysis may be changeable depending on the difference in laying condition but not the binding affinity.
Changes in the specific binding of estrogen receptor in the plasma membrane fraction were found during the oviposition cycle in laying hens, but no change was found in nonlaying hens during a 24-h period ( Figure 5 ). The specific binding in laying hens decreased 3 h before oviposition and thereafter maintained a low level up to oviposition time. The concentration of blood E 2 is high during this period (Johnson and van Tienhoven, 1980 ). An administration of DES, nonaromatizable estrogen, caused the decrease in the specific binding of estrogen receptor in nonlaying hens (Figure 4 ). It was explained by Rahman et al. (2008) that DES binds specifically to the estrogen receptor. Therefore, estrogen may act on the neurohypophysis during 3 h before oviposition in laying hens. The binding capacity of the estrogen receptor in the nuclear fraction of the hypothalamus is at a low level at least 2 h before oviposition (Kawashima et al., 1993) . In contrast, the result of the present study suggested that E 2 binds to the membrane estrogen receptor in the neurohypophysis 3 h before oviposition. Accordingly, it seems likely that E 2 acts on the neurohypophysis through the membrane estrogen receptor regardless of the nuclear estrogen receptor. Estradiol-17β stimulates the action of prostaglandin F 2α in the neurohypophysis (Takahashi and Kawashima, 2009) and increases the AVT concentration in blood (Takahashi et al., 1994a) . These facts imply that an administration of estrogen may induce oviposition theoretically. However, the estrogen delaying oviposition has been reported (Nakada et al., 1976) . It may suggest that different factors from estrogen are also involved in the AVT release from neurohypophysis for oviposition. Neurohypophysis contains not only the nerve fibers but also supporting cells. Although the types of the cells are not separated in the present study, if the estrogen receptor exists in the nervous components, the effects of E 2 may be a direct action for AVT release. On the other hand, if the estrogen receptor exists on other cells, those cells may participate in the regulation of AVT release through the effects of estrogen.
